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In a previous paper ( F o n s e c a R ib e ir o & Ca r d o s o , 1950) in which, we
demonstrated the anti-oxidative action of the oxalic acid in relation to adrenalin, we also suggesled the possibility that the addition of oxalic acid to solutions of iron or copper acted by m aking the ionization of the salts of these metals difficult. For this reason there was presented a hypothesis that oxidative processes, catalyzed by the ions of iron or copper, should be inhibited or delayed by oxalic acid. In fact, we verified in the above mentioned paper that the ad dition of oxalic acid to the solution of ascorbic acid makes them more stable.
In consequence, it should be reasonable to adm it that oxalic acid acting by the form ation of a weak dissociable combination with copper or iron present in the oxidative system could also act in those processes, due to enzymes having an active group form ed by copper or iron. To verify this hypothesis experim entally we decided to study the action of oxalic acid in the oxidative process due to the ascorbic acid oxidase for this enzyme belongs to those having copper in their active group. A supporting reason for the choice of this m aterial for our study was the possibility of finding an explanation to the well known fact of the ex istence in anim al or vegetable m aterials of substances, not yet identified, which protect ascorbic acid against the oxidation by the ascorbic acid oxidase (B a r r o n , B arr o n & K l e m p e r e r , 1936 and P im e n t a , 1941).
Indeed, the experim ents we undertook confirm ed the suggested hypothesis of the existence of a definite protective action of oxalic acid in relation to ascorbic * P re se n te d to th e 1st. In ter n a tio n a l C on gress of B io ch em istry , C am bridge, 1949. acid in its qxidation by the ascorbic acid oxidase. We will now present those experim ental results as well as those related to the behaviour of oxalic acid in the oxidation of ascorbic acid by the sole presence of the copper ion and its com parison with the sim ilar action exerted by thiourea in the oxidation of as corbic acid by copper, which was demonstrated by H u e l in & M y e e S t e p h e n s (1948) .
E X P E R IM E N T A L
The solutions of ascorbic acid we used were always prepared at the time of the experim ent and titrated by Tillm ans reagent.
We used, for the oxidative action, the ascorbic acid oxidase, prepared from cucumbers (Cucumis sativus) follow ing the technic of We found it convenient to work with the quantity which, at the already mentioned time and tem perature, prom oted the oxidation of about 50% of the initial ascorbic acid. The quantity of one tenth of a ml of the stock solution was the indicated one for quantities of ascorbic acid near 0.2 mg per ml.
The enzymatic action was always inhibited, after the desired time, by the addition to each test tube of 2 ml of a 10 per cent solution of m etaphosphoric acid.
To stabilize the pH during the experiments we always used buffers of disodium phosphate and citric acid according to M c Ilv a in e (in C l a r k , 1928). Rutfers' efficiency was potentiom etrically controlled.
IN F L U E N C E O F pH
In prelim inary tests we verified that the protective action of oxalic acid was influenced by the pH of the medium. We decided then to determine what vari ation in the intensity of this action would result from varying the pH value. For this, using the same amounts of ascorbic acid and oxalic acid we varied the pH from 3.5 to 6.0.
We obtained the follow ing results. 
IN F L U E N C E O F pH* O N TH E P R O T E C T IV E A C T IO N O F O XALIC A C ID I N R E L A T IO N TO ASC O R BIC A C ID, IN IT S O X ID A T IO N BY TH E A SC O R BIC
As can he seen by these results the protective action of oxalic acid was more evident at pH 4.5 and at this same pH ascorbic acid oxidase alone acted satisfactorily. F or that reason we began to use pH 4.5 system atically in the follow ing experiments.
Having established this prelim inary we proceeded to make the quantitative study of the protective action of oxalic acid; for this purpose we made a series of experim ents of which the follow ing one (Table 2 , represented by Fig. 2 ) is quite representative. Having demonstrated the protective action of the oxalic acid in relation to ascorbic acid agairist its oxidation by the ascorbic acid oxidase which is an enzyme containing copper as its action group, it seemed to us that the com parative study of the action of the cupric ion as oxalate and that of another salt would be timely. For this purpose we selected copper sulphate.
T A B L E 2 PR O T E C T IV E A C T IO N O F O X ALIC A C ID IN R E L A T IO N TO ASCO RBIC A C ID IN TH E P R E S E N C E O F A SC O R BIC A C ID O X ID A SE . V A R IA T IO N IN R E L A T IO N TO T H E A M O U N TS O F O XALIC ACID
The following experim ents (Table 3) shows the results which were obtained (they are also represented by Fig. 3 ) . 
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In this way we confirm ed the results obtained by H u e l in , & M y e e S t e p h e n s (1 9 4 8 ), who, in pure solutions, observed a good protection with oxalic acid in re lation to ascorbic acid in its copper catalyzed oxidation. These authors also verified that thiourea presented a prom inent protective action against the copper catalyzed ascorbic acid oxidation, in pure solutions. W ith the purpose of verifying whether thiourea possessed the same protective power against the oxidation by the ascorbic acid oxidase and to com pare its action with that of oxalic acid we proceeded to the experim ent reported bejpw. By the above given results we can verify that in the oxidation of ascorbic acid by copper, thiourea in spite of its definite protective action was less ef ficient than an equal quantity of oxalic acid under the conditions of our experi ments. H u e l in & M y e e S t e p h e n s ( 1 9 4 8 ) , working in different conditions, found that the protective action of thiourea was more efficient than that of oxalic acid.
T A B L E 4 CO M PA RATIVE STU D Y O F TH E A C TIO N O F O XALIC ACID A N D O F TH IO U R EA IN TH E O X ID A T IO N O F A SC O R BIC A C ID BY C O PPER A N D BY TH E A SC O R B IC A C ID O X ID
On the other hand we can see that thiourea showed no protective action in relation to the oxidation by the ascorbic acid oxidase.
D ISC U SS IO N
There can be no doubt that oxalic acid in certain conditions of pH interferes with the activity of ascorbic acid oxidase on its specific substratum , ascorbic acid; such an interference corresponds to a decrease of the activity that the enzyme should have shown under the conditions of the experiment.
It can also be ^verified thal the catalytic action of copper in the oxidation of ascorbic acid is p artially inhibited by oxalic acid as well as by others substances such as thiourea as was verified by H u e l in & M y e e S t e p h e n s (1948) and xanthine as observed by G iri & K r is h n a m u r t h y (1 9 4 1 ). Nevertheless thiourea proved to be completely inactive against ascorbic acid oxidase as well as xanthine which also proved inactive as was pointed out by the research of It is therefore evident that we cannot adm it the same mechanism of action fo r thiourea and xanthine on one hand, and for oxalic acid on the other. The latter acts perhaps by its capacity of reacting with copper to form a weak dis sociable com bination even in the case in which the metal constitutes the action group of an enzyme like ascorbic acid oxidase; of course we should adm it here the possibility of a complex through which the enzyme would lack the cupric ion indispensable to its action.
The evident action of oxalic acid in the protection of ascorbic acid in the presence of ascorbic acid oxidase enables us to suggest its possible protective role in m any anim al or vegetable substrata in which the existence of substances inhibiting ascorbic acid oxidase was dem onstrated long ago. Really the existence of oxalic acid in many anim al or vegetable tissues may be suggested but the fact that its im portance has been considered as secondary until now disencouraged its systematic detection except when its presence revealed itself by relatively great quantities. In spite of this point of view, it has been observed ( F o n se c a R ib e ir o & Ca r d o s o , 1950) that oxalic acid protects adrenalin, tyrosin, and other substances against the copper catalyzed oxidation besides protecting ascorbic acid against the specific action of ascorbic acid oxidase. These observations and llie pos sibility of other copper or iron containing enzymes being influenced in their activity by oxalic acid seem to be such as to confer on it a more significant role in the interpretation of vital phenomena, in the future.
SUM M ARY
1.
Oxalic acid has a definite protective action on ascorbic acid in its oxidation by ascorbic acid oxidase, an enzyme whose active group contains copper; this action is best revealed at pH 4.5.
2. Oxalic acid exerts also its protective action on ascorbic acid oxidation by copper; the com parison between the oxidative effect of copper oxalate and that of copper sulphate shows that the latter is much more intense.
3. The protective action of thiourea exerts itself in the oxidation by copper though less intensively than that of oxalic acid but it does not reveal itself in the oxidation by ascorbic acid oxidase.
4. The protective action of oxalic acid in the oxidation of ascorbic acid by the ascorbic acid oxidase suggests a new field of investigation in the branch of knowledge of those substances, not identified up to the present, which, in natural substrata, protect the ascorbic acid against such an oxidation. 
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